Abstract: There is an important lack of focus on biodiversity restoration measures when dealing with the restoration of degraded aquatic systems. Furthermore, the application of biological valuation methods has been applied only spatially in previous studies, and not both, in a temporal and spatial scale. The intense monitoring efforts carried out in a highly polluted estuary, in northern Spain (Nervión estuary), allowed for the valuation of, both economically and biologically, the costs and benefits associated with a 21 years sewerage scheme application. It can be concluded that the total amount of money invested into the sewage scheme has contributed to the estuary´s improvement of both abiotic and biotic factors, as well as increasing the uses and services provided by the estuary. However, different direct or time-lagged responses were observed at the inner and outer parts of the estuary. Understanding the costs and know-hows of the environmental recovery of degraded aquatic systems helps policy makers and regulators to formulate robust, cost-efficient and feasible management decisions.
Highlights:
-Biodiversity restoration valuation as a measure of the recovery of a polluted estuary -We established cost-benefit links between restoration investment, abiotic and biotic recovery -The cost-benefit analysis of the abatement actions can assist decision-makers with management 
34
From an economic perspective, estuaries offer a wide range of economically 
54
One of these examples occurs at the Nervión estuary (northern Spain), where the 55 intense monitoring system carried out for many years, gives the opportunity for observing the 56 development of the ecosystem as water quality improves; providing a valuable record of the 57 status of the different ecosystem components.
58
The estuary of the Nervión was one of the most polluted areas on the northern coast of network, where the waters of more than one million inhabitants convey into a central Waste
81
Water Treatment Plant (WWTP), with a biological treatment capacity of 6 m 3 s -1 (Figure 1 ).
82
As a consequence of this sewage scheme start-up, a change in the condition of the 
85
The water quality improvement of the Nervión estuary has been described by many 6 into four types of activities: treatment / capture, disposal, recycling, and pollution prevention.
121
The criteria for this subdivision are presented in Table 1 . capital expenditures as one-off costs, which could also lead to an overestimation of the 131 investment efforts being made at the beginning of each installation commissioning.
132
In order to determine the aggregate economic effort being put into abatement, GDP
133
deflator values (per year) (World Bank) were applied to all investments.
134
As a proxy for the water treatment results, the temporal trends in annual load of 135 biochemical oxygen demand (BOD) and nutrient load discharges, evaluated as ammonia
136
(NH 3 ), were studied. The BOD was computed from the main sources: domestic, industrial,
137
WWTP effluent and river pollution. These data were obtained from García-Barcina et al.
138
(2006) and were updated using CABB unpublished data.
139
The biological information of the ecosystem components, for which detailed spatial 140 distribution data were available (zooplankton, macroalgae, macrobenthos and demersal fish),
141
were included and integrated in a database, in order to obtain a Biological Valuation Map 
185
In this case, a literature review was used to determine the different criteria for each assessment 186 question and ecosystem component. A summary of the application criteria is shown in Table   187 2b. shown in Table 3 .
188

197
Due to the lack of subzone specific data, quantitative scoring is often not possible and effort labels display the quality and amount of data (respectively) used to assess the BV.
211
The results of the BV of the study area per year were then presented on various maps 212 ( Figure 2 ) which integrate all of the available biological information for the different 213 ecosystem components; each subzone was assigned a colour corresponding to its value.
214
Reliability and sampling effort values, together with the BV per year, are displayed in Table 4 . 
Interpolation
219
The BV for each of the ecosystem components cannot be calculated for all cells of the 
Results
229
The economic data ( Figure 3a) show that, almost €658 million have been spent to date 
248
This improvement in BV is clearly seen in Figure 2 , together with the BV clearly 249 increasing upstream along the estuary with time.
250
The performance of the reliability and sampling effort values along the sewage scheme 251 period ( Nervión estuary, whilst these efforts increased from medium to high at the outer part of the 257 estuary.
258
When comparing these improvements in the total ecosystem component BV with the Cumulative Investment / NH 3 with the changes to the BV of the inner and outer parts (Table   265 5a); the results of the correlation analysis between the inner BV and the outer BV are shown in 266   Table 5b .
267
There is a highly significant negative correlation, between the cumulative amount of 268 money invested and the loads of BOD and NH 3 into the estuary ( (Table 5a ).
275
The correlation between the BOD and NH 3 and the BV at the inner part of the estuary 276 is significant but negative and it increases along with the increase in the time lags (Table 5a ).
277
However, only a significant negative correlation between BOD and outer BV evolution is 278 observed when applying a time lag of 6 years between them and no significant relationships 279 are observed between NH 3 and outer BV.
280
There is a significant positive correlation between the BV of the inner and outer areas 281 (Table 5b) .
282
The overall summary of the significance of the relationships between the variables is 283 shown in Figure 4 . Knowing the total amount of money invested during the 21 year period of the sewage 288 scheme, allows us to obtain the cost values of the pollution abatement actions (Figure 3a ).
289
However, although care was taken when gathering the economic investment data, the total of In addition, by referring to some of the capital expenditures as one-off costs could also 295 lead to an overestimate of the investment effort being made at the beginning of all installation 296 commissioning. However, an incorrect splitting of capital expenditure by the estimation of the 297 average life of installations, could underestimate the investment being applied to the sewage 298 scheme.
299
As stated above, public users have also paid an environmental tax in order to fund the 300 clean-up programme (35% of the total sewage scheme funding is thought to come from 301 customers). While this payment is involuntary, however, we suggest using these customers" undertaken by the local water authority.
310
The overall BV improvement (Table 4 and 
331
This one unit increase in the BV of the outer part is followed by a BV decrease in 1992
332
probably due to the start of the external port dock works, that has persisted to the present, and 333 which involved dredging and working activities that led to the re-suspension of polluted 334 sediments.
335
The increasing treatment and capture of the waste water discharges by the WWTP Hawkins, S.J., Gibbs, P.E., Pope, N.D., Burt, G.R., Chesman, B.S., Bray, S., Proud, S.V., Purchase, installation and start-up costs of "end of pipe" pollution abatement equipment:
-Absorption and filtering systems.
-Emissions capture systems.
-Oil/water separating systems.
-Dewatering systems.
-Loads control and capture systems.
-Decontamination systems.
-Treatment and purification systems.
-Pollutant substances elimination processes and systems. -Pouring-off systems. (Table 3) (Table 3) Table 3 Click here to download Table: Table 3_article .doc Table 5 . a) Correlation analysis results between the BV of both inner and outer parts of the estuary with the total annual loads of Biochemical oxygen demand (BOD); with the total cumulative economic investments and with the total annual loads of ammonia nitrogen (NH 3 ).
b) Correlation analysis results between the BV of inner and outer parts. Numbered suffixes determine the time lag applied (ex. BV_inner_1= the Biological value at the inner part at a time lag of 1 year).
Significant correlations are highlighted in bold and leveled *α=0.05; **α=0.01 or *** α=0.001
(Key: ƞ = number of samples; r= correlation coefficient; p-value= probability value) 
